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1. 

SEMCONDUCTOR DEVICE AND METHOD 
FOR MANUFACTURING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Application No. 2009 
035030, filed on Feb. 18, 2009; the entire contents of which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a semiconductor device and a 

method for manufacturing the same. 
2. Background Art 
A technique for three-dimensionally arranging memory 

cells is proposed in, for instance, JP-A-2007-266143(Kokai). 
In this technique, a plurality of conductive layers, each func 
tioning as a word electrode or control gate in a memory 
device, and dielectric layers are alternately stacked into a 
stacked structure. Through holes (memory holes) are formed 
in the stacked structure, and a charge storage layer is formed 
on the inner wall of the hole, in which silicon is subsequently 
buried in a columnar shape. 

Furthermore, in the technique disclosed in JP-A-2007 
266143(Kokai), the end portions of the conductive layers are 
formed into a staircase shape, and its step differences are used 
to form contact holes for connecting upper interconnects to 
the respective conductive layers by the same etching process. 

Each contact hole has a different depth depending on the 
depth position of the corresponding conductive layer. Here, 
simultaneous etching of the contact holes different in depth is 
likely to cause variation in the etching amount (etching depth) 
of each conductive layer reached by the bottom of the corre 
sponding contact hole. Variation in the etching amount of 
each conductive layer results in variation in the area of contact 
with the contact electrode buried in the contact hole. Conse 
quently, contact resistance to the contact electrode is varied 
between the conductive layers. 

SUMMARY OF THE INVENTION 

According to an aspect of the invention, there is provided a 
semiconductor device including: a stacked body with a plu 
rality of conductive layers and a plurality of dielectric layers 
alternately stacked therein, the Stacked body including a stair 
case structure having the plurality of conductive layers pro 
cessed into a staircase shape; an interlayer dielectric layer 
covering the staircase structure; and a contact electrode pro 
vided inside a contact hole penetrating through the interlayer 
dielectric layer, the contact hole penetrating through one of 
the staircase-shaped conductive layers, the contact electrode 
being in contact with a sidewall portion of the one of the 
staircase-shaped conductive layers exposed into the contact 
hole. 

According to an aspect of the invention, there is provided a 
method for manufacturing a semiconductor device, includ 
ing: alternately stacking a plurality of conductive layers and 
dielectric layers to form a stacked body; forming, in the 
stacked body, a staircase structure having the plurality of 
conductive layers processed into a staircase shape; forming 
an interlayer dielectric layer covering the staircase structure; 
collectively forming a plurality of contact holes penetrating 
through the interlayer dielectric layer, each of the contact 
holes penetrating through a corresponding one of the stair 
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2 
case-shaped conductive layers; and providing contact elec 
trodes inside the plurality of contact holes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view illustrating the 
configuration of a memory cell array in a semiconductor 
device according to an embodiment of the invention; 

FIG. 2 is a schematic perspective view of one memory 
string in the memory cell array; 

FIG. 3 is a principal schematic cross-sectional view of the 
memory cell array in the YZ direction in FIG. 1; 

FIG. 4 is an enlarged cross section of the principal portion 
in FIG. 3; 
FIGS.5A and 5B are schematic views showing a manufac 

turing method of the semiconductor device according to the 
embodiment of the invention; 

FIGS. 6A and 6B are schematic views showing processes 
following FIG. 5B; 

FIGS. 7A and 7B are schematic views showing processes 
following FIG. 6B: 

FIGS. 8A and 8B are schematic views showing processes 
following FIG. 7B; 

FIGS. 9A and 9B are schematic views showing processes 
following FIG. 8B; 

FIGS. 10A and 10B are schematic views showing pro 
cesses following FIG.9B; 

FIG. 11 is a schematic view of the principal portion in the 
semiconductor device according to the embodiment of the 
invention; and 

FIG. 12 is a schematic view of a principal portion of a 
semiconductor device of a comparative example. 

DETAILED DESCRIPTION OF THE INVENTION 

The semiconductor device according to an embodiment of 
the invention includes a memory cell array with a plurality of 
memory cells three-dimensionally arranged therein, and a 
peripheral circuit formed around the memory cell array. 
Although the semiconductor is illustratively silicon in the 
following embodiment, semiconductors other than silicon 
can also be used. 

FIG. 1 is a schematic perspective view illustrating the 
configuration of the memory cell array. 

FIG. 2 is a schematic perspective view of one memory 
string in which a plurality of memory cells are series con 
nected in a stacking direction of a plurality of conductive 
layers functioning as word electrode layers. 

FIG. 3 is a schematic cross-sectional view of the memory 
cell array in the YZ direction in FIG. 1. 

In FIGS. 1 and 2, for clarity of illustration, only conductive 
portions are shown, and dielectric portions are not shown. 

In this specification, an XYZorthogonal coordinate system 
is introduced for convenience of description. In this coordi 
nate system, two directions parallel to a major Surface of a 
substrate and orthogonal to each other are referred to as the X 
and Y direction, and a direction orthogonal to both the X and 
Y direction, that is, the stacking direction of the plurality of 
conductive layers WL1-WL4, is referred to as the Z direction. 
As shown in FIG. 3, a cell source 12 is provided on a 

substrate 11 (such as a silicon substrate). The cell source 12 is 
a silicon layer doped with impurities and being conductive. A 
lower select gate LSG is provided above the cell source 12 via 
a dielectric layer 13, and a dielectric layer 14 is provided on 
the lower select gate LSG. The dielectric layers 13, 14 are 
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layers including silicon oxide or silicon nitride. The lower 
select gate LSG is a silicon layer doped with impurities and 
being conductive. 
On the dielectric layer 14 is provided a stacked body in 

which a plurality of dielectric layers 17 and the plurality of 
conductive layers WL1-WL4 are alternately stacked. The 
number of conductive layers WL1-WL4 is arbitrary, and 
illustratively four in this embodiment. The dielectric layer 17 
includes silicon oxide, such as TEOS (tetraethoxysilane) (Si 
(OCH)). The conductive layers WL1-WL4 are silicon lay 
ers doped with impurities and being conductive, which have 
a generally equal thickness. 
A stopper layer (such as a SiN layer) 24 is provided above 

the uppermost conductive layer WL4 via the uppermost 
dielectric layer 17, an upper select gate USG is provided 
above the stopper layer 24 via a dielectric layer 25, and a 
dielectric layer 27 is provided on the upper select gate USG. 
The dielectric layers 25, 27 are layers including silicon oxide 
or silicon nitride. The upper select gate USG is a silicon layer 
doped with impurities and being conductive. 
As shown in FIGS. 1 and 3, the conductive layers WL1 

WL4, the lower select gate LSG, and the cell source 12 are 
formed as plate-like layers parallel to the XY plane. The 
upper select gate USG is formed into a plurality of wiring-like 
conductive members extending in the X direction. As shown 
in FIG. 3, a dielectric layer 26 is provided between each pair 
of upper select gates USG. It is noted that as an alternative 
configuration, the lower select gate LSG can be divided into a 
plurality of members like the upper select gate USG. 
The aforementioned stacked body on the substrate 11 

includes a plurality of memory holes extending in the Z 
direction. The memory holes are arranged in a matrix along 
the X and Y direction, for instance. 
As shown in FIG. 3, inside each memory hole MH, silicon 

pillars 15, 19.32 are buried as columnar semiconductor layers 
sequentially from bottom. The silicon pillar 15 penetrates 
through the lower select gate LSG, the silicon pillar 19 pen 
etrates through the plurality of conductive layers WL1-WL4. 
and the silicon pillar 32 penetrates through the upper select 
gate USG. The silicon pillars 15, 19, 32 are formed from 
polycrystalline silicon or amorphous silicon. The silicon pil 
lars 15, 19, 32 are shaped like columns, such as cylinders, 
extending in the Z direction. The lower end of the silicon 
pillar 15 is connected to the cell source 12. The lower end of 
the silicon pillar 19 is connected to the silicon pillar 15, and its 
upper end is connected to the silicon pillar 32. 
A dielectric layer 29 is provided on the dielectric layer 27 

on the upper select gate USG, and a plurality of bit lines BL 
extending in the Y direction are provided on the dielectric 
layer 29. Each bit line BL is arranged so as to pass immedi 
ately above a corresponding sequence of silicon pillars 32 
arranged along the Y direction, and is connected to the upper 
end of the silicon pillar 32 through a contact electrode 30 
penetrating through the dielectric layer 29. 
As shown in FIG. 1, the upper select gate USG is connected 

to an upper select gate interconnect USL through a contact 
electrode 65. The end portion of the stacked body with the cell 
source 12, the lower select gate LSG, and the plurality of 
conductive layers WL1-WL4 stacked therein is processed 
into a staircase shape in which the lower layer protrudes to a 
larger extent in the X direction. In this staircase structure, the 
cell source 12 is connected to a cell source interconnect CSL 
through a contact electrode 61, the lower select gate LSG is 
connected to a lower select gate interconnect LSL through a 
contact electrode 62, and each conductive layer WL1-WL4 is 
connected to a word line WLL through a contact electrode 63. 
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4 
As shown in FIG. 3, on the inner peripheral wall of the 

memory hole MH formed in the stacked body of the conduc 
tive layers WL1-WL4 and the dielectric layers 17 is formed a 
dielectric film 20 illustratively having an ONO (oxide-ni 
tride-oxide) structure in which a silicon nitride film is sand 
wiched between a pair of silicon oxide films. FIG. 4 shows an 
enlarged cross section of that portion. 
The dielectric film 20 has a structure in which a charge 

storage layer 22 is sandwiched between a first dielectric film 
21 and a second dielectric film 23. The silicon pillar 19 is 
provided inside the second dielectric film 23, and the second 
dielectric film 23 is in contact with the silicon pillar 19. The 
first dielectric film 21 is provided in contact with the conduc 
tive layers WL1-WL4, and the charge storage layer 22 is 
provided between the first dielectric film 21 and the second 
dielectric film 23. 
The silicon pillar 19 provided in the stacked body of the 

conductive layers WL1-WL4 and the dielectric layers 17 
functions as a channel, the conductive layers WL1-WL4 
function as control gates, and the charge storage layer 22 
functions as a data memory layer for storing charges injected 
from the silicon pillar 19. That is, at the intersection between 
the silicon pillar 19 and each conductive layer WL1-WL4 is 
formed a memory cell having a structure in which a channel 
is Surrounded by a control gate. 

This memory cell is a memory cell having a charge trap 
structure. The charge storage layer 22 includes numerous 
traps operable to confine charges (electrons), and is illustra 
tively made of a silicon nitride film. The second dielectric film 
23 is illustratively made of a silicon oxide film and serves as 
a potential barrier when a charge is injected from the silicon 
pillar 19 into the charge storage layer 22 or when a charge 
stored in the charge storage layer 22 diffuses into the silicon 
pillar 19. The first dielectric film 21 is illustratively made of a 
silicon oxide film and prevents charges stored in the charge 
storage layer 22 from diffusing into the conductive layers 
WL1-WL4. 
As shown in FIG. 2, as many memory cells MC as the 

number of conductive layers WL1-WL4 are series connected 
in the Z directionaround one silicon pillar 19 to constitute one 
memory string MS. Such memory strings MS are arranged in 
a matrix in the X and Y direction, and thereby a plurality of 
memory cells MC are three-dimensionally arranged in the X, 
Y, and Z direction. 

Referring again to FIG. 3, on the inner peripheral wall of 
the hole formed in the stacked body composed of the lower 
select gate LSG and its overlying and underlying dielectric 
layer 13, 14, a gate dielectric film 16 is formed in a tubular 
shape, and the silicon pillar 15 is buried therein. Thus, this 
stacked body includes a lower select transistor LST with the 
silicon pillar 15 Serving as a channel and the lower select gate 
LSG therearound serving as a gate electrode. 

Furthermore, on the inner peripheral wall of the hole 
formed in the stacked body composed of the stopper layer 24, 
the upper select gate USG, and its overlying and underlying 
dielectric layer 25, 27, a gate dielectric film 33 is formed in a 
tubular shape, and the silicon pillar 32 is buried therein. Thus, 
this stacked body includes an upper select transistor UST with 
the silicon pillar 32 serving as a channel and the upper select 
gate USG therearound serving as a gate electrode. 
Around the memory cell array described above, a periph 

eral circuit, not shown, is formed in the same Substrate 11. 
The peripheral circuit illustratively includes a driver circuit 
for applying a potential to the upper end portion of the silicon 
pillar 32 through a bit line BL, a driver circuit for applying a 
potential to the lower end portion of the silicon pillar 15 
through the cell source interconnect CSL and the cell source 



US 7,799,672 B2 
5 

12, a driver circuit for applying a potential to the upper select 
gate USG through the upper select gate interconnect USL, a 
driver circuit for applying a potential to the lower select gate 
LSG through the lower select gate interconnect LSL, and a 
driver circuit for applying a potential to each conductive layer 
WL1-WL4 through the word line WLL. 
The semiconductor device according to this embodimentis 

a nonvolatile semiconductor memory device allowing data to 
be erased and programmed electrically and freely, and being 
capable of retaining its memory content even when powered 
off. 
The X coordinate of a memory cell is selected by selecting 

a bit line BL, the Y coordinate of the memory cell is selected 
by selecting an upper select gate USG to turn the upper select 
transistor UST to the conducting or non-conducting state, and 
the Z coordinate of the memory cell is selected by selecting a 
word line WLL, that is, one of the conductive layers WL1 
WL4. Then, data is stored by injecting electrons into the 
charge storage layer 22 of the selected memory cell. The data 
stored in the memory cell is readby passing a sense current in 
the silicon pillar 19 which passes through the memory cell. 

In the above semiconductor device, as shown in FIG. 1, the 
end portions of the conductive layers WL1-WL4 outside the 
memory cell array region are processed into a staircase shape 
in which the lower layer has a longer length from the memory 
cell array region. Thus, contact holes for connecting the 
respective conductive layers WL1-WL4 to the upper word 
line WLL can be collectively formed by the same etching 
process. 

In the following, a method for manufacturing the semicon 
ductor device according to this embodiment is described with 
reference to FIGS. 5 to 10. Here, the stacked body of the 
dielectric layers 17 and the conductive layers WL1-WL4 is 
extracted for description. The description of the method for 
forming the stacked body including the lower select transistor 
LST and the stacked body including the upper select transis 
tor UST is omitted. 
A plurality of dielectric layers 17 and a plurality of con 

ductive layers WL1-WL4 are alternately stacked illustra 
tively by the CVD (chemical vapor deposition) method to 
form a stacked body thereof. 

After the aforementioned stacked body is formed, the 
memory array region is Subjected to a process for forming the 
memory hole MH, the dielectric film 20 including the charge 
storage layer, the silicon pillar 19 and the like shown in FIG. 
3. 

Subsequently, on the aforementioned Stacked body, a resist 
film 41 is formed as shown in FIG. 5A to process a staircase 
Structure. 

First, the resist film 41 is patterned so that the end of the 
resist film 41 is located at the lowermost step in the staircase 
structure, and the resist film 41 is used as a mask to etch the 
first-step dielectric layer 17 from the top and the conductive 
layer WL4 by the RIE (reactive ion etching) method, for 
instance, as shown in FIG. 5B. 

Next, the RIE method or CDE (chemical dry etching) 
method based on O gas and the like is used to perform resist 
slimming which reduces the planar size of the resist film 41, 
and the resist film 41 is used as a mask to etch the stacked 
body by the RIE method. By this etching, as shown in FIG. 
6A, the second-step dielectric layer 17 and the conductive 
layer WL3 are further removed in the portion where the 
first-step dielectric layer 17 and the conductive layer WL4 
were removed by the previous etching, and the first-step 
dielectric layer 17 and the conductive layer WL4 are removed 
in the adjacent portion. 
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6 
Subsequently, as shown in FIG. 6B, the resist film 41 is 

further slimmed, and the dielectric layers 17 and the conduc 
tive layers WL1-WL4 in the portion not covered with the 
resist film 41 are each etched by the amount of one layer. 
Then, the resist film 41 is removed. Thus, as shown in FIG. 
7A, the staircase structure is formed in the stacked body. 

Next, as shown in FIG. 7B, the silicon nitride-based stop 
per layer 24 is formed on the stacked body so as to cover the 
staircase structure, and a silicon oxide-based interlayer 
dielectric layer 42 is further formed on the stopper layer 24. 
These are illustratively formed by the CVD method. This 
interlayer dielectric layer 42 corresponds to part of the dielec 
tric layer in the stacked body including the upper select tran 
sistor UST shown in FIG. 3. 

Next, after the upper surface of the interlayer dielectric 
layer 42 is planarized, an organic film 43 to serve as a maskin 
etching the interlayer dielectric layer 42 is formed on the 
interlayer dielectric layer 42. Furthermore, a silicon oxide 
film 44 to serve as a mask in etching the organic film 43 is 
formed on the organic film 43. 

Next, a resist film 45 is formed on the silicon oxide film 44, 
and then patterned. The resist pattern is used as a mask to etch 
the silicon oxide film 44 and the organic film 43 by the RIE 
method. Thus, as shown in FIG. 8A, in the silicon oxide film 
44 and the organic film 43, holes 51 penetrating therethrough 
are formed. Here, when the organic film 43 is etched, the 
resist film 45 likewise made of an organic material is also 
consumed and removed from above the silicon oxide film 44. 

Next, the organic film 43 is used as a mask to etch the 
interlayer dielectric layer 42 to form holes 52 penetrating 
through the interlayer dielectric layer 42 as shown in FIG.8B. 
Here, when the silicon oxide-based interlayer dielectric layer 
42 is etched, the silicon oxide film 44 is also consumed and 
removed from above the organic film 43. Subsequently, the 
stopper layer 24 is etched to form holes 53 penetrating 
through the stopper layer 24 as shown in FIG.9A. The etching 
time for etching them is set so that the hole 53 on the lower 
most step of the staircase structure, which is to be formed 
most deeply, penetrates through the etched layer and reliably 
reaches the underlying layer. 
The interlayer dielectric layer 42 and the stopper layer 24 

are both etched by the RIE method using a fluorocarbon gas, 
for instance. The composition and flow rate of the fluorocar 
bon gas are controlled so that the silicon oxide-based inter 
layer dielectric layer 42 is etched with a high etching selection 
ratio relative to the silicon nitride-based stopper layer 24, and 
that the stopper layer 24 is etched with a high etching selec 
tion ratio relative to the silicon oxide-based dielectric layer 17 
therebelow. 

Thus, when the interlayer dielectric layer 42 is etched, the 
stopper layer 24 functions as an etching stopper to reduce 
processing variation between the holes 52. When the stopper 
layer 24 is etched, the dielectric layer 17 therebelow functions 
as an etching stopper to reduce processing variation between 
the holes 53. 

Subsequently, the dielectric layers 17 between the stair 
case-shaped conductive layers WL1-WL4 and the stopper 
layer 24 are etched to form holes 54 penetrating through the 
dielectric layers 17 and reaching the conductive layers WL1 
WL4 as shown in FIG.9B. 

Thus, when the holes 54 are formed, a structure in which 
the silicon nitride-based stopper layer 24 is sandwiched 
between the dielectric layers 17 and the interlayer dielectric 
layer 42, both silicon oxide-based, is provided on the stair 
case-shaped conductive layers WL1-WL4 to reduce process 
ing variation between the holes. Nevertheless, when the 
numerous holes 54 different in depth are simultaneously 
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etched by the same process, the reached position of the hole 
bottom is likely to cause variation. Typically, the etching time 
is set in accordance with the etching time of the hole 54 
reaching the conductive layer WL1 located at the deepest 
position. However, in the holes 54 formed shallower than this 
hole, the corresponding conductive layers WL2-WL4 tend to 
be overetched. 

That is, as shown in FIG.9B, in the staircase-shaped con 
ductive layers WL1-WL4 reached by the holes 54, the etching 
amount tends to be larger in the upper layers located at shal 
lower positions than in the lower layers located at deeper 
positions. This difference in etching amount translates into 
the difference in contact area between the contact electrode 
buried in each hole 54 and the corresponding conductive layer 
WL1-WL4, causing variation in contact resistance between 
the contact electrode and the corresponding conductive layer 
WL1-WL4. 

FIG. 12 schematically shows, for instance, a contact hole 
reaching the lowermost conductive layer WL1 and a contact 
electrode 80 buried therein, and a contact hole reaching the 
uppermost conductive layer WL4 and a contact electrode 80 
buried therein. 

With regard to the conductive layer WL1, the contact elec 
trode 80 is in contact therewith only at its bottom surface. 
However, with regard to the conductive layer WL4, the con 
tact electrode 80 is in contact therewith not only at its bottom 
Surface, but also at its side Surface with an area corresponding 
to the etching amount (etching depth) of the conductive layer 
WL4. That is, the conductive layer WL4 has a smaller contact 
resistance to the contact electrode 80 than the conductive 
layer WL1, and this difference may lead to difference in 
characteristics between the memory cell with the conductive 
layer WL4 serving as a control gate and the memory cell with 
the conductive layer WL1 serving as a control gate. 

Thus, in this embodiment, after the process of FIG. 9B, 
etching is further performed until the conductive layers WL1 
WL4 are each penetrated by the amount of one layer as shown 
in FIG. 10A. In the conductive layers WL1-WL4, each being 
a silicon layer, the portion bordering the holes 54 shown in 
FIG.9B is etched by the RIE method using a gas containing 
a halogen element, Such as a gas containing at least one of Cl, 
HBr, and BC1. Here, the silicon oxide-based dielectric layer 
17 therebelow functions as an etching stopper. The etching 
time is set so that the conductive layer WL1 located at the 
deepest position is completely penetrated. 
By the processes described above, contact holes 50 pen 

etrating through the interlayer dielectric layer 42, the stopper 
layer 24, the staircase-shaped dielectric layers 17, and the 
conductive layers WL1-WL4 are collectively formed. Each 
contact hole 50 penetrates through the corresponding conduc 
tive layer WL1-WL4 by the amount of one layer, and its 
bottom is stopped in the underlying dielectric layer 17 with 
out reaching other conductive layers therebelow. 

In this embodiment, as described above, between the sili 
con oxide-based layers, a heterogeneous, silicon nitride 
based layer is interposed so that process variation between 
holes has been reduced at the stage before etching for pen 
etrating through the conductive layers WL1-WL4. Thus, dif 
ference in etching amount between the conductive layers 
WL1-WL4 at the stage of FIG.9B can be reduced. Hence, 
even if etching for penetrating through the conductive layers 
WL1-WL4 is subsequently performed, shallower contact 
holes 50 can be prevented from reaching other conductive 
layers therebelow. 

After the aforementioned contact holes 50 are formed, the 
organic film 43 serving as a mask material is removed. Sub 
sequently, as a preprocess for contact electrode formation, a 
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8 
treatment with chemicals such as hydrofluoric acid and 
hydrogen sulfide is performed to remove natural oxide film, 
post-RIE residues, and contaminants attached during atmo 
spheric transport on the bottom of the contact holes 50. 

Subsequently, a metal film for forming silicide. Such as a 
titanium film, is formed on the bottom and sidewall of the 
contact hole 50, and a titanium nitride film covering it is 
further formed, each by the CVD method. After these films 
are formed, the titanium film is reacted by heat treatment with 
silicon of the conductive layers WL1-WL4 to form titanium 
silicide (TiSi) on the sidewall portion of the conductive 
layers WL1-WL4 in contact with the titanium film, thereby 
reducing the resistance. Next, tungsten, for instance, is buried 
in the contact hole 50 by the CVD method to form a contact 
electrode 63 as shown in FIG. 10B. 

FIG. 11 schematically shows, for instance, a contact hole 
50 reaching and penetrating the lowermost conductive layer 
WL1 and a contact electrode 63 buried therein, and a contact 
hole 50 reaching and penetrating the uppermost conductive 
layer WL4 and a contact electrode 63 buried therein. 
The contact electrode 63 includes the aforementioned tita 

nium or other conductive film 63b formed on the bottom and 
sidewall of the contact hole 50, and a tungsten or other con 
ductive material 63a buried therein. Each conductive layer 
WL1-WL4 is in contact with the contact electrode 63 only at 
the sidewall portion 70 exposed into the contact hole 50 so as 
to surround the contact hole 50 penetrating therethrough, and 
that portion is turned into titanium silicide. The upper end 
portion of each contact electrode 63 is connected to the word 
line WLL as shown in FIG. 1, and each conductive layer 
WL1-WL4 is electrically connected to the word line WLL 
through the contact electrode 63. 

According to this embodiment, the contact holes 50 reach 
ing the staircase-shaped conductive layers WL1-WL4 are 
formed so as to penetrate through the conductive layers WL1 
WL4. Hence, the bottom of the contact electrode 63 provided 
in the contact hole 50 is not in contact with the corresponding 
conductive layer WL1-WL4, but each conductive layer WL1 
WL4 is in contact with the contact electrode 63 only at the 
sidewall portion 70. Furthermore, the conductive layers 
WL1-WL4 are formed to a generally equal thickness. Hence, 
the contact area of the conductive layer WL1-WL4 with the 
contact electrode 63 can be made nearly equal between the 
conductive layers WL1-WL4, and variation in contact resis 
tance to the contact electrode 63 can be reduced between the 
conductive layers WL1-WL4. Consequently, variation in 
characteristics can be reduced between the memory cells with 
the conductive layers WL1-WL4 serving as control gates. 

Here, as in the comparative example shown in FIG. 12, 
even if the contact electrode 80 is brought into contact with 
the corresponding conductive layer WL1-WL4 at the bottom 
of the contact hole, the surface of the conductive layer WL1 
WL4 exposed to the contact hole bottom is damaged by ions 
implanted during RIE, and the silicide reaction is less likely to 
occur in that portion. Hence, contact of the contact electrode 
80 with the corresponding conductive layer WL1-WL4 at the 
contact hole bottom does not significantly contribute to 
reducing the contact resistance therebetween. 
On the other hand, the sidewall portion 70 of the conductive 

layers WL1-WL4 exposed to the sidewall of the contact hole 
50 is less likely to be hit by ions during RIE, and less likely to 
be damaged. Hence, the silicide reaction is facilitated in the 
sidewall portion 70, and the contact resistance to the contact 
electrode 63 can be reduced. Consequently, variation in con 
tact resistance to the contact electrode 63 between the con 
ductive layers WL1-WL4 can be reduced more significantly 
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in the structure where the conductive layer WL1-WL4 is in 
contact with the contact electrode 63 only at its sidewall 
portion 70. 

Furthermore, the aforementioned process for forming con 
tact holes 50 by successively etching the layers from the top 
layer can be continuously performed in the same chamber by 
simply Switching gas species, flow rate and the like to 
improve the processing efficiency. 
The embodiment of the invention has been described with 

reference to examples. However, the invention is not limited 
thereto, but can be variously modified within the spirit of the 
invention. 
The shape of the silicon pillar in the memory cell array is 

not limited to a cylinder, but can be a prism. Furthermore, the 
invention is not limited to burying columnarsilicon entirely in 
the memory hole. As an alternative structure, a silicon film 
can beformed in a tubular shape only at the portion in contact 
with the dielectric film including the charge storage layer, and 
a dielectric can be buried inside it. Furthermore, the dielectric 
film structure between the conductive layer and the silicon 
pillar is not limited to the ONO (oxide-nitride-oxide) struc 
ture, but can be a two-layer structure of a charge storage layer 
and a gate dielectric film, for instance. 
The invention claimed is: 
1. A semiconductor device comprising: 
a stacked body with a plurality of conductive layers and a 

plurality of dielectric layers alternately stacked therein, 
the stacked body including a staircase structure having 
the plurality of conductive layers processed into a stair 
case shape; 

an interlayer dielectric layer covering the staircase struc 
ture; and 

a contact electrode provided inside a contact hole penetrat 
ing through the interlayer dielectric layer, the contact 
hole penetrating through one of the staircase-shaped 
conductive layers, the contact electrode being in contact 
with a sidewall portion of the one of the staircase-shaped 
conductive layers exposed into the contact hole. 

2. The device according to claim 1, wherein the plurality of 
conductive layers have a generally equal thickness. 
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3. The device according to claim 1, wherein a bottom of the 

contact hole does not reach the other conductive layers below 
the one of the staircase-shaped conductive layers penetrated 
by the contact hole. 

4. The device according to claim 1, wherein the sidewall 
portion of the one of the staircase-shaped conductive layers 
Surrounds the contact electrode. 

5. The device according to claim 1, wherein the contact 
electrode includes a metal film formed on a bottom and side 
wall of the contact hole and a conductive material buried 
inside the metal film. 

6. The device according to claim 1, further comprising: 
a semiconductor layer provided inside a memory hole pen 

etrating through the stacked body, the semiconductor 
layer extending in the stacking direction of the conduc 
tive layers and the dielectric layers; and 

a charge storage layer provided between the conductive 
layers and the semiconductor layer. 

7. The device according to claim 6, further comprising: 
a first dielectric film provided between the conductive lay 

ers and the charge storage layer; and 
a second dielectric film provided between the charge stor 

age layer and the semiconductor layer. 
8. The device according to claim 6, wherein the semicon 

ductor layer includes silicon. 
9. The device according to claim 6, wherein the conductive 

layers include silicon. 
10. The device according to claim 9, wherein the sidewall 

portion of the one of the staircase-shaped conductive layers 
includes a metal silicide. 

11. The device according to claim 1, wherein the dielectric 
layers include silicon oxide. 

12. The device according to claim 11, wherein 
a surface layer of the staircase structure is one of the dielec 

tric layers, and 
the interlayer dielectric layer includes a silicon oxide layer 

provided above the surface layer of the staircase struc 
ture via a silicon nitride layer. 
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